A PLANARIZATION METHOD USING ANISOTROPIC WET ETCHING 



BACKGROUND OF THE INVENTION 

Field of Invention 

The present invention relates to a planarization method. More 
particularly, the present invention relates to a planarization method using 
anisotropic wet etching. 

Description of Related Art 

Dielectric material is used to isolate metal lines in the multilevel 
interconnects process to prevent the shorts occurring between two metal lines. 
Dielectric material used between two layers of metal lines is called intermetal 
dielectric (IMD). Because the surface of wafer is rugged after metal lines are 
formed thereon, the dielectric material subsequently deposited is also rugged. 
Therefore, the flatness of the IMD is the determining factor for patterning of vias 
therein and metal wires thereon. 

The planarization process is the key step ensuring that high-density 
lithography can be performed, because light scattering problems can only be 
avoided in exposure steps when an IMD with sufficient flatness is provided. 
Therefore, when the IMD is sufficiently flat, a precise pattern-transferring step 
can be performed. Chemical mechanical polishing (CMP) is the technique that 
provides global planarization in current semiconductor processing. The CMP 
technique involves using a reagent to form a chemically altered layer on the 
non-planar surface of the material to be polished, followed by a mechanical 
removal of the chemically altered layer from the underlying bulk material. 

The polishing slurry or the reagent used in a CMP process consists of a 
solvent and abrasive particles dispersed in the solvent. The solvent of the 
slurry chemically depletes, loosens, or modifies the composition of the material 
to be removed. The highly abrasive particles in the slurry, in combination with 
the rotating polishing pad, then physically remove the chemically modified 
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unwanted material and polish the underlying surface. Since the abrasive 
particles in the polishing slurry are structurally very hard, scratches are easily 
induced on the surface of some materials during the CMP process. The 
problem of bridging is then likely to occur in the subsequent process, which 
5 affects the reliability of the device. Besides, a wet cleaning step is needed to 
remove the abrasive particles used during the CMP. 

K SUMMARY OF THE INVENTION 

y • 

%J 10 The invention provides a planarization method using anisotropic wet 

etching. According to one preferred embodiment of this invention, this method 
£3 can be applied to planarize an insulating layer with an uneven surface on a 

s 

□ substrate. H2SO4, H3PO4, HF and H2O are mixed to form an etching solution. 

n] 

The substrate is placed into the etching solution to make the etching solution 

"^J 15 pass the surface of the insulating layer at a flow rate to etch the insulating layer. 

fi 

■ssar 

fij After a period of etching time, the insulating layer with a more planar surface can 

be obtained. 

The concentrations of the H2SO4, H3PO4, and HF are respectively about 
98% wt., about 85% wt., and about 1% wt. The volume ratio of H2SO4 and 
20 H3PO4 : HF is about 50 - 100 : 1 , and the etching rate of the etching solution to 
an insulating layer with a planar surface is about 50 - 80 A/min. 

The invention also provides a planarization method using anisotropic wet 
etching. A dummy pattern is formed on a region that has a lower pattern 
density to minimize the etching rate's difference of regions having different 
25 pattern density. 

According to another preferred embodiment of this invention, a first 
insulating layer is on a substrate, and the first insulating layer has large trenches 
and small trenches therein. A second insulating layer is conformably formed on 
the first insulating layer, and a thickness of the second insulating layer is about 
30 the same as a depth of the large and the small trenches. The second insulating 
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layer is patterned to form protrusions in the large trenches, and a distance 
between the neighboring protrusions is about the same as the width of the small 
trenches. H2SO4, H3PO4, HF and H2O are mixed to form an etching solution. 
The substrate is then placed into the etching solution to make the etching 
solution pass the surface of the first and the second insulating layer at a flow rate 
to etch the first and the second insulating layers. 

The concentrations of the H2SO4, H3PO4, and HF are respectively about 
98% wt., about 85% wt., and about 1% wt. The volume ratio of H2SO4 and 
H3PO4 : HF is about 50 - 100 : 1, and the etching rate of the etching solution to 
an insulating layer with a planar surface is about 50 - 80 A/min. 

This invention utilize an etching solution having different flow rate on an 
thin film having an rugged surface to etch the protrusions at a larger etching rate 
then the recess. Hence, the rugged surface of the thin film is planarized. 

It is to be understood that both the foregoing general description and the 
following detailed description are by examples, and are intended to provide 
further explanation of the invention as claimed. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The accompanying drawings are included to provide a further 
understanding of the invention, and are incorporated in and constitute a part of 
this specification. The drawings illustrate embodiments of the invention and, 
together with the description, serve to explain the principles of the invention. In 
the drawings. 

Fig. 1 is a diagram of liquid flowing by a rugged surface; 

Figs. 2A - 2B are cross-sectional diagrams of a planarization process 
using anisotropic wet etching according to one preferred embodiment of this 
invention; and 



Figs. 3A - 3B are cross-sectional diagrams of a planarization process 
using anisotropic wet etching according to another preferred embodiment of this 
invention. 



DESCRIPTION OF THE PREFERRED EMBODIMENTS 

Reference will now be made in detail to the present preferred 
embodiments of the invention, examples of which are illustrated in the 
y1 accompanying drawings. Wherever possible, the same reference numbers are 

pi 10 used in the drawings and the description to refer to the same or like parts. 

Fig. 1 is a diagram of liquid flowing by a rugged surface. In Fig. 1, there 

Q 

3 are protrusions 1 10 on a substrate 100. When liquid flows by the surface of the 

n 

substrate 100, according to the distance from the substrate 100, from short to 
P long, the flows are marked as L1 , L2, L3 and L4. Since the flow LI is closest to 

Q 15 the surface of the substrate 100 and it is thus hindered by the protrusions 110, 
the flow rate is slowest. Contrarily, the flow L4 is furthest to the surface of the 
substrate 100 and it is hindered by nothing, therefore its flow rate is fastest. 

Figs. 2A - 2B are cross-sectional diagrams of a planarization process 
using anisotropic wet etching according to one preferred embodiment of this 
20 invention. In Fig. 2A, conductive lines 210 are on a substrate 200, and 
conductive lines 210 can be, for example, gates or metal lines. An insulating 
layer 220 is on the conductive lines 210 and the substrate 200. The surface of 
the insulating layer 220 is raised and declined with the conductive lines 210 are 
presented on the substrate 200 or not, and the level difference between the top 
25 surface and bottom surface of the insulating layer 220 is H. If the substrate 200 
is placed into an etching solution and the etching solution flows by the surface of 
the insulating layer 220. The flow rate of the etching solution near the surface 
of the insulating layer 220 is VI, and the flow rate of the etching solution at a 
distance from the surface of the insulating layer 220 is V2. 



4 



a 



In Fig. 2B, after a period of time of etching, the insulating layer 220 is 
transformed to the insulating layer 220a. The level difference between the top 
surface and bottom surface of the insulating layer 220a is h, and h is much 
smaller than H. Therefore, the planarity of the insulating layer 220a is much 
5 better than the insulating layer 220. In the etching reaction, the etching rate is 
determined by the arrival rate of the etchant molecules to the surface being 
h etched. Consequently, the flow rate of the etching solution is approximately 
proportional to the etching rate. The flow rate V1 of the etching solution near 



yi the surface of the insulating layer 220 is slower, the etching rate of the bottom 
nj 10 surface is slower. The flow rate V2 of the etching solution at a distance from 

5 the surface of the insulating layer 220 is faster, the etching rate of the top surface 

C3 

s is faster. 

Ti Figs. 3A - 3B are cross-sectional diagrams of a planarization process 

O using anisotropic wet etching according to another preferred embodiment of this 
O 15 invention. In Fig. 3A, conductive lines 310a, 310b and 310c are on substrate 
' 300, and conductive lines 310a, 310b and 310c can be, for example, gates or 

metal lines. An insulating layer 320 is then formed on the conductive lines 310a, 
310b and 310c and the substrate 300. 

The distance between conductive lines 310a and 310b is larger, i.e. the 
20 pattern density is lower in this area. The distance between conductive lines 
310b and 310c is shorter, i.e. the pattern density is higher in this area. 
Therefore, the etching solution flows by the area between conductive lines 310a 
and 310b at a higher flow rate and flows by the area between conductive lines 
310b and 310c at a lower flow rate. That is, the etching rate is higher in the 
25 area between conductive lines 310a and 310b and is lower in the area between 
conductive lines 310b and 310c. Therefore, although the levels of the area 
between conductive lines 310a and 310b and the area between conductive lines 
310b and 310c are the same, the etching rate is different. This problem can be 
solved by dummy pattern. 
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The method of forming a dummy pattern comprises forming an insulating 
layer 330 on the insulating layer 320 in Fig. 3A. The material of the insulating 
layer 330 is preferred to be the same as that of the insulating layer 320, and the 
thickness of the insulating layer 320 is about the same as the level difference 
between the top surface and the bottom surface of the insulating layer 320. In 
Fig. 3B, a dummy pattern 330a is formed after photolithography and etching. 
Therefore, the pattern density of the area between the conductive lines 310a and 
□ 310b is about the same as the area around the conductive lines 310b and 310c, 
and thus the etching rate can be almost the same in these two areas. The 
10 steps are to be performed is similar in the description of Fig. 3B, therefore it is 
m omitted here. 

From the embodiments described above, this invention can use single 

P step to planarize a rugged surface to increase its planarity. Hence the CMP's 

p-J 

Q drawbacks such as scratches and removing abrasive particles can be 
15 eliminated. 

Q 

fy It will be apparent to those skilled in the art that various modifications and 

variations can be made to the structure of the present invention without 
departing from the scope or spirit of the invention. In view of the foregoing, it is 
intended that the present invention cover modifications and variations of this 
20 invention provided they fall within the scope of the following claims and their 
equivalents. 
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